Introduction {#sec1-1}
============

Adenomyosis is a common benign gynecological disorder affecting premenopausal women and having a significant impact on a woman\'s health and quality of life.\[[@ref1]\] During the past several years, MRI guided focused ultrasound (MRgFUS) has been established as a safe and effective technology for noninvasive treatment of uterine fibroids and focal adenomyosis.\[[@ref2]--[@ref4]\] Our case reports briefly discuss the successful use of MRgFUS to treat symptomatic focal adenomyosis in two patients.

Case Reports {#sec1-2}
============

Case 1 {#sec2-1}
------

The patient was a 39-year-old nulliparous Indian woman with a body mass index (BMI) of 25.11. She presented to her gynecologist with symptoms of dysmenorrhea, heavy bleeding, passing clots during the menstrual cycle, and fatigue for the past six months. Her symptom severity score (SSS) was 47.5 points on the 0 to 100 scale of The Uterine Fibroid Symptom and Quality of Life (UFS-QoL) questionnaire.\[[@ref5]\] In addition, as this questionnaire is fibroid specific and does not address menstrual pain symptoms that are typical of adenomyosis, the patient was also asked to grade her menstrual pain on a scale of 0 to 10, and she graded her pain as 10, the highest on the scale.

Screening USG done elsewhere was suggestive of adenomyosis and the patient was referred to our center for MRI to evaluate her suitability for the MRgFUS treatment. MRI of the pelvis showed marked thickening of the junctional zone, with 5.4 × 4.8 × 5.9 cm (volume: 91 cc) focal adenomyosis involving the posterior myometrium \[[Figure 1A](#F1){ref-type="fig"}\]. To evaluate the viability, and as part of our screening routine prior to MRgFUS, SPGR (spoiled gradient-recalled acquisition in the steady state) images with contrast were acquired. Post-gadolinium contrast images revealed homogenous enhancement \[[Figure 1B](#F1){ref-type="fig"}\].

![A 39-year-old nulliparous woman with focal adenomyosis. Sagittal T2W screening MRI of the pelvis (A) shows focal adenomyosis (yellow arrow) involving the posterior myometrium. Contrast-enhanced spoiled gradient-recalled acquisition in the steady state (SPGR) (B) shows homogenous enhancement in the focal adenomyosis (asterisk)](IJRI-22-93-g001){#F1}

After consulting with the patient about the potential benefits and risks involved, she opted for treatment with MRgFUS. Treatment was performed using the ExAblate^®^ 2000 system (InSightec, Haifa, Israel) and Signa^®^ HDxt 1.5T MRI (GE Healthcare, Milwaukee, US).

The treatment was done under conscious sedation (one ampoule of fentanyl) to alleviate pain and reduce motion. A urinary catheter was inserted to prevent uterine shift during the treatment due to bladder filling. Bowels obstructing the beam path were mitigated with a rectal balloon inflated with 250cc of water and the uterus was pushed towards the anterior abdominal wall.

T2W images were acquired for treatment planning. Treatment duration was 1h 50 min (from first to last sonication), utilizing 31 focal spots or sonications \[[Figure 2](#F2){ref-type="fig"}\] with a mean energy of 3516 Joules and a frequency of 1.15 MHz. A nominal HD treatment protocol was used with nominal large and elongated spots. No overlap of focal spots was used and the subendometrial zone was also targeted. The average temperature achieved was 73.4°C (min: 43°C; max: 102°C). Contrast-enhanced SPGR images were acquired post treatment and showed a nonperfused volume (NPV) of 40 cc, achieving an NPV ratio (ratio of the NPV to the volume of the focal adenomyosis or myoma) of 44% \[[Figure 3](#F3){ref-type="fig"}\].

![A 39-year-old nulliparous woman with focal adenomyosis. Sagittal (A), coronal (B), and axial (C) T2W images obtained during treatment show the sonication spots (yellow arrow) and the ultrasound beam path (asterisk). (Red line: skin surface; blue line: pubic bone; pink line: bowel; red plus symbol: fiducials to detect movement.)](IJRI-22-93-g002){#F2}

![A 39-year-old nulliparous woman with focal adenomyosis. Contrast-enhanced SPGR sagittal (A) and axial (B) MRIs of the pelvis after MRgFUS treatment show a nonenhancing area (arrow) corresponding to a nonperfused volume of 44%](IJRI-22-93-g003){#F3}

Treatment was completed without complications and the patient was discharged 30 min later after her recovery from conscious sedation.

During her follow-up phone call the next day, she reported returning to work and feeling well. There had been no adverse events. The patient provided a similar report in a phone call seven days post treatment. At three months follow-up, the patient had a SSS score of 32.5 and menstrual pain score of four. At six months follow-up, her SSS score had reduced to 25 points and she was totally free of the menstrual pain, with a score of 0 points.

Case 2 {#sec2-2}
------

The patient was a 43-year-old multiparous Indian woman with a BMI of 24.2 and had the same complaints as the first case. Her SSS and menstrual pain score were 50 and 8, respectively. Screening USG done elsewhere was suggestive of adenomyosis. MRI showed marked thickening of the junctional zone, with a 4.4 × 3.4 × 5.0 cm (volume: 47 cc) focal adenomyosis involving the posterior myometrium \[[Figure 4A](#F4){ref-type="fig"}\]. In addition, a 4.6 × 3.6 × 4.2 cm (volume: 35 cc) intramural fibroid, homogenously hypointense on T2W images, was noted involving the right side of the fundus of the uterus \[[Figure 4B](#F4){ref-type="fig"}\]. Post-gadolinium contrast images revealed homogenous enhancement in the focal adenomyosis and heterogenous enhancement in the fibroid \[[Figure 5](#F5){ref-type="fig"}\].

![A 43-year-old multiparous woman. Sagittal T2W screening MR of the pelvis (A, B) shows focal adenomyosis (yellow arrow) involving the posterior myometrium and homogenously hypointense intramural fibroid (asterisk) involving the fundus](IJRI-22-93-g004){#F4}

![A 43-year-old multiparous woman. Contrast-enhanced SPGR sagittal screening MRI of the pelvis (A, B) shows homogenous enhancement in the focal adenomyosis (arrow) and heterogenous enhancement in the fundal fibroid (asterisk)](IJRI-22-93-g005){#F5}

Treatment was performed under conscious sedation. A urinary catheter was inserted and the bowels were mitigated with a cut gel pad and rectal balloon \[[Figure 6](#F6){ref-type="fig"}\]. Both the fibroid and the adenomyosis were treated in 2h 40 min, using 64 sonications with a mean energy of 1250.78 Joules and a frequency of 1.15 MHz. Nominal HD treatment protocol was used with nominal small and large spots. The average temperature achieved was 85.5°C (min: 53°C; max: 148°C) \[[Figure 7](#F7){ref-type="fig"}\]. Post treatment, a non-perfused volume of 30 cc and NPV ratio of 63.8% was achieved in the focal adenomyosis. Nonperfused volume of 30 cc and NPV ratio of 85.7% was achieved in the fibroid \[[Figure 8](#F8){ref-type="fig"}\].

![A 43-year-old multiparous woman. T2W sagittal MR of the pelvis during treatment planning shows an inflated rectal balloon (black arrow) and an empty urinary bladder with Foley catheter in situ (yellow arrow), which have together brought the focal adenomyosis (X) close to the anterior abdominal wall. (Yellow asterisk: transducer; black asterisk: gel pad.)](IJRI-22-93-g006){#F6}

![Gray-scale (A) and colour-coded (B) thermal maps showing the temperatures attained in a sonicated spot (arrow). Previously ablated tissue is shown in blue (asterisk). Thermal graph (C) shows temperatures attained in the sonicated spot](IJRI-22-93-g007){#F7}

![A 43-year-old multiparous woman. Contrast-enhanced SPGR sagittal (A, B) and coronal (C) MRIs of the pelvis after MRgFUS treatment show a nonenhancing area corresponding to a nonperfused volume of 63.8% in the focal adenomyosis (arrow) and 85.7% in the fibroid (asterisk)](IJRI-22-93-g008){#F8}

No complications were encountered and the patient was discharged 30 min later. She returned to work the next day and reported no adverse effects. At three months follow-up, the patient had a SSS score of 40 and menstrual pain score of five. At six months follow-up, her SSS score had reduced to 24 points and she was totally free of the menstrual pain, with a score of 0 points.

Discussion {#sec1-3}
==========

Adenomyosis is a common benign gynecological disorder affecting premenopausal women. It is characterized by the presence of ectopic endometrial glands and stroma in the myometrium and hyperplasia of adjacent smooth muscles.\[[@ref6]\] The symptoms of adenomyosis include dysmenorrhea, menorrhagia, abnormal uterine bleeding, and diffuse uterine enlargement, sometimes leading to pelvic pressure and frequent urination. Hysterectomy, which eliminates the underlying source of symptoms, is the most common treatment for adenomyosis.\[[@ref7]\] For women who wish to preserve their uterus, the alternative options include hormonal therapy,\[[@ref8]--[@ref11]\] endometrial ablation therapy,\[[@ref12][@ref13]\] and uterine artery embolization (UAE).\[[@ref14]--[@ref16]\] Hormonal treatment offer only temporary alleviation of symptoms and is also associated with side effects.\[[@ref17]\] Endometrial ablation is an alternative when the depth of myometrial penetration is limited.\[[@ref12][@ref13]\] UAE has elicited mixed responses.\[[@ref14]--[@ref16]\]

During the past several years, the application of MRgFUS for the treatment of symptomatic uterine fibroids has been established as safe and effective, achieving fibroid shrinkage and symptom alleviation in diverse ethnic populations.\[[@ref2][@ref18][@ref19]\] Recently, there have been reports that this technology has also been successfully applied to patients suffering from adenomyosis.\[[@ref3][@ref4][@ref20]\] MRgFUS is noninvasive, thus avoiding scar formation in the uterus.

In our center, MRgFUS is currently used for the treatment of symptomatic uterine myomas and focal adenomyosis. The treatment procedure incorporates a focused ultrasound system (ExAblate^®^ 2000, Insightec, Haifa, Israel) fully integrated with a 1.5T MRI scanner (Signa^®^ HD, GE Healthcare, Milwaukee, WI, USA). The patient table docks to the MRI scanner. The patient lies prone and a gel pad couples the patient\'s abdomen to the phased array transducer housed in a sealed water bath in the patient table. Coronal, sagittal, and axial T2W MRI images are obtained to localize the lesion and to define the region of treatment. The focused ultrasound system generates a high-intensity acoustic beam (sonication) that is focused onto the target. Each sonication creates an elongated elliptical focus of high temperature (60--80°C), resulting in tissue necrosis.\[[@ref21]\] The heat generated during the course of these sonications is monitored using MRI images acquired in real-time in three planes. At the end of treatment, the results are evaluated by assessing the nonperfused regions on contrast-enhanced SPGR images. These areas are summed to create the NPV. The ratio of the NPV to the volume of the focal adenomyosis or myoma-the NPV ratio--has been correlated with treatment effectiveness, reduction of symptom severity score and shrinkage of the ablated tissue.\[[@ref3][@ref19][@ref22][@ref23]\]

In both our patients, there was a steady decrease in symptoms over the course of the follow-up period, as demonstrated by the decline in the SSS. Both patients had high menstrual pain score before treatment (10 and 8, respectively, in patients 1 and 2). This gradually decreased and they were free of menstrual pain by the end of 6 months. They reported a significant improvement in their quality of life. In both patients no adverse events or complications were recorded during the treatment or follow-up period.

In case 2, there was a fibroid associated with the focal adenomyosis, and both were treated in the same sitting.

Our case reports suggest that clinical improvement in symptomatic adenomyosis is achievable within a short period of time after treatment with MRgFUS. MRgFUS is a noninvasive, day-care procedure, requiring no admission and having a low complication rate. MRgFUS may be a promising alternative to hysterectomy for the patient with adenomyosis who wishes to preserve her uterus. A number of reports of successful treatment have been published\[[@ref20][@ref24]--[@ref26]\] that also show the feasibility of pregnancy following MRgFUS.
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